I. INTRODUCTION Vibration of overhead power lines is a very dangerous problem because it can cause collapse of overhead power lines or collapse of the whole transmission system. The overhead power lines are exposed to dynamic loads (air flow, ice-shedding, etc.) in addition to the static ones. From the mechanical point of view the conductor is a 3D system, so it can vibrate in longitudinal, horizontal and vertical directions. The torsional vibrations are possible as well. For calculation of eigenfrequencies and eigenmodes the numerical methods are the most effective, over all the finite element method. For the modal analysis the beam finite element is preferable.
The material of the conductor is inhomogeneous, therefore simplified models obtained by homogenization of material properties are used [1, 2, 3] . The heterogeneous cross-sections of several ACSR conductors are shown in Fig.1 . Results of the modal analysis are obtained using the commercial finite element software ANSYS and by a new 3D finite element [4] . An experimental measurement was done to verify and to compare the effectiveness and accuracy of each numerical calculation.
II. HOMOGENIZATION OF MATERIAL PROPERTIES
One important goal of mechanics of heterogeneous materials is to derive their effective properties from the knowledge of the constitutive laws and complex microstructural behaviour of their components.
The methods based on the homogenization theory (e.g. the mixture rules [5] ) have been designed and successfully applied to determine the effective material properties of heterogeneous materials from the corresponding material behaviour of the constituents (and of the interfaces between them) and from the geometrical arrangement of the phases. In this context, the microstructure of the material under consideration is basically taken into account by the Representative Volume Element (RVE).
The homogenization techniques derived at our department (Department of Applied Mechanics and Mechatronics) for modelling the Functionally Graded Material (FGM) [1, 2] can also be used for homogenization of the ACSR conductors. In case of the conductor, the material properties vary layer-wise in the radial direction (the longitudinal variation is not assumed).
The effective homogenized material properties (electric conductance, thermal conductance, thermal expansion, stiffness) are calculated from condition, that the relevant material property of the cross-section with real construction (Fig. 2) is equal to the material property of the homogenized cross-section. The real cross-section parameters of the ACSR conductors are: R i is pitch circle of the k th layer, d i is wire diameter, φ i is the angle of circumferential position of the wire, z i and y i are the distances of the wire from the centre of the conductor cross-section. These distances of each wire can be calculated as follows: We assume that the maximum and minimum elasticity moduli for lateral and transversal bending can be calculated by equations: where n Fe is the number of steel wires and n Al is the number of aluminium wires. The maximum elasticity modulus represents the case, when all wires are fixed together (e.g. after several years of lifetime), and the minimum elasticity modulus represents the case, when wires can slide over each other. In practice the effective elasticity modulus for lateral and transversal bending is assumed as average value of the maximum and minimum elasticity moduli [4] :
The effective elasticity modulus for axial loading is:
Here, E i is the elasticity modulus of the i th wire, and n is number of the wires.
The effective elasticity modulus for lateral and transversal shears
is the shear modulus of the i wire and the whole cross-section, respectively. These constants have to be calculated by a special method [4] . The effective elasticity modulus for torsion is:
The effective mass density for axial beam vibration is:
and the effective mass density for torsional vibration is:
where, (Fig. 3) . In this case the maximum deflection of the power line [6, 7] is minimal and therefore was not calculated, because the span is small. The constant tensile force in the conductor for each numerical calculations and experimental measurements were: F H1 = 1.65 kN, F H2 = 4.75 kN and F H3 = 6.68 kN. A symmetric conductor marked as AlFe 42/7 which is constructed from 1 steel wire in the centre of the conductor and 6 aluminium wires (see Fig. 4 ) has been used. The diameter of the steel wire is d Fe = 3 mm and the diameter of the aluminium wires is d Al = 3 mm. The rated tensile strength (RTS) of the chosen conductor is F RTS = 15.27 kN [8] . [11] . The same problem has been solved using the new 3D beam finite element (3D NFE) for the modal analysis of composite beam structures [4] with a mesh 80 of 3D FGM elements (the calculation is performed using the software MATHEMATICA). Two bolted strain clamps were used for fixing the conductor on two ends of the span; two IEPE piezoelectric accelerometers with the range of  50 g (Fig. 5) were used for experimental modal analyses to determine the flexural eigenfrequencies. For scanning the signals from the accelerometers 2 way oscilloscope with USB connection to the PC was used. The range of the oscilloscope is 20 MHz. The tension in the conductor is measured with one load cell with sensing range F max = 10 kN (Fig 6) , which is close to the conductor attachment point. The data from the accelerometers placed on the conductor is shown in Fig. 7 .
To obtain the frequency spectrum (Fig. 8 ) the Fast Fourier Transformation (FFT) of the measured data was realized by software LabView [13] . The flexural mode shapes were evaluated using software ANSYS. The results of numerical analyses and experimental measurements are presented in Tab. 1-3. First three flexural eigenfrequencies in horizontal and three flexural eigenfrequencies in vertical plane were investigated. V. CONCLUSION In the presented contribution the numerical simulation and experimental measurements of the selected ACSR conductor is presented. The numerical simulations were done by the commercial software ANSYS and by our new 3D FGM beam finite element which was implemented in the software MATHEMATICA.
From the results shown in Tab. 1-3 it is obvious that the differences between the numerical simulations and experimental measurements are very small. These results confirm the correctness of our procedure for homogenising the material properties of the ACSR conductor as well as the efficiency and accuracy of a new beam finite element for analysis of the composite structures. 
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